intertrochanteric osteotomies were performed in 217 patients. In 48 hips the osteotomy was done for idiopathic osteoarthritis. In 166 hips the osteoarthritis was secondary to acetabular dysplasia, in 23 to trauma, in 14 to slipped capital femoral epiphysis, in five to Legg-Calvé-Perthes' disease and in 20 to avascular necrosis of the femoral head. Good results were achieved in young females with mild osteoarthritis secondary to acetabular dysplasia, and in patients with posttraumatic osteoarthritis. All other indications showed a poorer long-term survival. Our study shows that acetabular dysplasia and posttraumatic arthritis remain valid indications for intertrochanteric osteotomy.
Introduction
Whilst total hip replacement (THR) may be the best treatment option for osteoarthritis of the hip (OA) in the elderly, it is uncertain whether this also holds true for younger patients [6, 12] . In the short term THR shows excellent results; but in the long term, high revision rates have been reported [2, 4, 14, 16] . It is therefore important to delay the need for hip replacement in younger patients. Joint-preserving surgery can therefore be looked upon as a valid investment in a future where further hip surgery is not unusual [3, 9, 10, 15, 17, 18] .
The authors report on the outcome of 276 intertrochanteric osteotomies performed for primary and secondary OA in 217 patients with 15-to 29-year follow up. Although this is a historical series that includes patients who would never undergo an intertrochanteric osteotomy today, we believe that lessons can be learned, and we wanted to identify the degenerative hip disorders for which an intertrochanteric osteotomy is still a valid option.
Patients and methods
Between 1974 and 1987 217 patients (276 hips) with primary or secondary OA of the hip underwent an intertrochanteric osteotomy. Their average age was 45.5 years (range . Sixty-three percent of the patients were female.
In the preoperative planning, all patients had functional radiographs in adduction and abduction [13, 14] (Fig. 1) . The decision to perform an osteotomy, including which type of osteotomy, was based on radiographic improvement of congruency and containment.
All separate indications combined with demographic data are listed in Table 1 . The corrections performed are included. Osteoarthritis was graded according to Tönnis [22] . The CE angle [24] and Sharp angle [19] were measured where applicable. In dysplastic hips dislocation was classified according to Crowe [5] . In Legg-Calvé-Perthes' disease (LCPD) the deformity of the femoral head was classified according to Stullberg [21] . In cases with avascular necrosis of the femoral head (AVN) the Ficat and Arlet stage is given.
All osteotomies were performed using a standard lateral approach [1, 13] . Fixation was performed with an AO 90°o r 100°blade-plate with medial offsets between 10 and 20 mm. A compression device was always used.
Survival rates were analysed using the Life Table  method . Clinical outcome was rated using Merle d'Aubigné's hip score (Table 2) . To calculate whether a correlation between sphericity, age, sex, pre-operative grade of OA, unior bilateral involvement, radiological measurements and the outcome was present, a Pearson correlation analysis was performed. Fig. 1 a A 
Results
There were 18 complications during or after the surgical procedure, of which ten were wound infections. All infections were treated with surgical debridement followed by intravenous antibiotics, and all resolved. Two osteotomies resulted in overcorrection, of which one was revised. One osteotomy resulted in undercorrection. Two patients had their plate revised due to instability, and two patients fell shortly after surgery and required a revision.
After an average of 9.5 years (range 1-25 years), 143 patients had their osteotomy converted to a THR. A further three patients required a hip fusion after 8.1 years. In ten patients, a second intertrochanteric osteotomy was performed after 10.4 years (range 5-21 years) and three patients had a periacetabular osteotomy after 9.3 years. Thirty-three patients (38 osteotomies) had died at the time of follow up, and 21 patients (22 osteotomies) were lost-tofollow-up. The 79 remaining hips in 54 patients were seen after an average follow-up of 19.4 years (range 15-28 years). All follow-up data is summarised in Table 3 , including survival rates at 10 and 15 years.
In hips with idiopathic osteoarthritis, there was a statistically-significant correlation between preoperative sphericity of the femoral head and clinical outcome. In dysplastic hips, there was a significant correlation between clinical outcome and sphericity of the femoral head, age, gender, uni-or bilateral affection and grade of OA.
The survival rate for patients younger than 45 years at the time of surgery and with hip OA grade 0 or I was 100% 60% (36%-83%) 30% (6%-53%) *Including 3 arthrodeses **Some patients died after the ITO was converted to THR; these are also mentioned in the THR listing †3 patients had an additional periacetabular osteotomy after an average of 9.3 years The total score consists of the sum of the three criteria A total of 18 points is classified as excellent, 15-17 points as good, 12-14 points as fair, and less than 12 points as poor at 10 years, and 97% at 15 years (95% CI: 92%-100%). In patients with a preceding acetabular fracture the survival rate was 92% (95% CI: 76%-100%) at 10 years, and 71% (95% CI: 43%-99%) at 15 years. The survival rate in patients operated for impingement after a previous proximal femoral fracture was 90% (95% CI: 71%-100%) at 10 years.
Discussion
The aim of this retrospective analysis was to study which surgical indications for an intertrochanteric osteotomy remain valid today. The osteotomies performed for primary OA had a poor survival and outcome, with a 15 year survival rate of only 32%. Previous reports have also shown that the outcome of an intertrochanteric osteotomy in hips with primary osteoarthritis is unpredictable and generally poor [6, 10, 17, 23] . It should be stressed that patients were classified as having an idiopathic osteoarthritis if no obvious cause could be found. Several of these patients, especially the younger ones, may well have had a biomechanically-inadequate hip joint as the cause of the arthritic changes.
Patients with AVN had a survival rate of 60% at 10 years, and 30% at 15 years. Although most of these patients had AVN stage IV, which may partially explain the poor survival rate; good long-term results of an intertrochanteric osteotomy for AVN have never been described [3, 9, 18] . The aim of the intertrochanteric osteotomy-to rotate the avascular lesion away from the weight bearing area and thereby prevent bony collapse-was hampered by the fact that most patients already had collapse and radiographic degenerative changes. Having stated this, we do not find AVN to be a valid indication for intertrochanteric osteotomy.
Osteotomies in hips with changes after slipped capital femoral epiphysis (SCFE) had a survival rate of 71% at 10 years, and 63% at 15 years. The number of patients was, however, small, and the severity of the degenerative changes too different, to allow for any definite conclusion. We believe that young patients with femoro-acetabular impingement and an early osteoarthritis may be successfully treated with an Imhauser type of osteotomy. Most of the patients in this cohort had advanced radiographic changes (grade III), in which further development of osteoarthritis could not be altered by the osteotomy. Five patients with previous LCPD reached a survival rate of 100% after 20 years. These early results have motivated us to perform more osteotomies for LCPD in recent years [15] .
We have previously shown that the outcome after intertrochanteric osteotomy in patients with degenerative changes after acetabular fractures is excellent [11] . Most patients have a flexion-adduction contracture of the hip, which can be corrected by a valgus-extension osteotomy. In addition to restoring alignment, the osteotomy reduces contact pressure on the damaged cartilage and reduces the contracture by altering the muscle forces. In patients with a malunited femoral neck fracture, the degenerative changes may be caused by bony impingement. By restoring the normal anatomy, the causative factor will disappear and the degenerative process is halted. In the present study, 23 patients with post-traumatic OA had a good outcome, with a survival rate of 78% at 15 years.
Good results were also found in patients with OA secondary to acetabular dysplasia (Fig. 2) . This is in agreement with Jingushi et al., who reported a survival rate of 72% after 15 years for patients with degenerative changes after acetabular dysplasia treated with an intertrochanteric osteotomy [7] . In patients younger than 50 years with unilateral changes, the survival rate was as high as 95%. Good results in young patients have also been reported by D'Souza et al. [6] . Both D'Souza et al. and Jingushi et al.
showed an increased long-term survival in young and active patients. We also found a better outcome in patients younger than 40, with a survival rate of 82% and 70% at 15 and 20 years respectively. Besides the age of the patients, the preoperative grade of OA is equally important. In patients younger than 45 years with grade 0 or 1 OA, the survival rate was 100% at 10 years and 97% at 15 years. Reigstad et al., studying long term results in a group of patients older than 50 years, found a 10 year survival rate of 58% [17] . Maistrelli et al. showed that the outcome was better in patients younger than 40 years with unilateral changes, of which 39% improved [10] .
In patients with dysplastic hips we found a significant correlation between clinical outcome and age, gender, grade of OA, and bi-or unilateral involvement. Young female patients with bilateral involvement and slight degenerative changes scored the best results. The ideal candidate for an intertrochanteric osteotomy is therefore a young female with (bilateral) mild OA and acetabular dysplasia.
Several authors have proposed an acetabular realigning osteotomy for the treatment of stage I+II hip OA. This is especially logical for OA due to acetabular dysplasia. Siebenrock et al. [20] reported a 10 year survival rate of the Bernese periacetabular osteotomy of 82% for osteoarthritis secondary to dysplasia. De Kleuver et al. [8] showed a minimum 8-year survival rate of 93% after a Tönnis triple pelvic osteotomy at a mean age of 28 years. In this study, the overall 10-year survival rate was 72% for hips with acetabular dysplasia. The reported long-term results of the Chiari and Salter osteotomies in the treatment of osteoarthritis are scarce, but less favourable than that of the periacetabular osteotomy and the triple osteotomy. Relatively young patients were included in the studies of Siebenrock and de Kleuver. The 10-year survival rate in young patients with OA secondary to dysplasia and congenital hip luxation was 100%. Although the various populations are not comparable, it emphasises that good results can be achieved by an intertrochanteric osteotomy. In hips with acetabular dysplasia, the femoral side is often abnormal as well, and a coxa valga is often seen. In such hips, we find an intertrochanteric osteotomy an excellent solution. In patients where the biomechanical insufficiency is mainly caused by the acetabulum, this must be corrected. The definite border between these two indications is not clear.
Several other types of joint-preserving techniques have been reported. Arthroscopy of the hip and labral debridement, removal of osteophytes and debridement of the acetabular rim through mini-open techniques or via surgical dislocation may have a place, but no long-term results have yet been reported.
The results presented in this study show that there are still valid indications for an intertrochanteric osteotomy, if OA is not too advanced. In particular, OA secondary to acetabular dysplasia with coxa valga and post-traumatic osteoarthritis are still valid indications. In all other cases good results may be achieved, but the outcome is less predictable.
